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Description 

Multipole, permanent -magnet rotor for a rotating 
electrica; machine, and a method for producing .uch a 
rotor 

^ / fie>ld of rotating 

Th^ invention relates to/ the £xeia o 

The xnvent i ^^-^^ ^o the design 

electrical machines, and appiicacx 

electrica , ^^.^^ ^.^^^^ „^th 

configuration of rotor cof. ^^^^^^ ^o as flux 
permanent magnets using w|at is reterr 
concentration construction. 



NOW that special permanent 
ferrite, have been succe- 
matched to the stringent 



. magnets, referred to as hard 
!3sfully developed, which are 
requirements of electrical 



greater extent to produce 



rotor or in the 
and generators W 
3000 rpm. In this 
"flux concentratio 
the technically bett 



matched to tne ov.-— ^ an ever 

^Chinee, such -.-s have now h„^^^^^^^^ 



the rotating magnetic field 
r^thJ Rotating electri^l machines. Various options 
for the arrangement ^f 1:he permanent magnets m the 
for the _ T ^^^^ developed for motors 

^ laled powers up to 3 0 kW at 
what is referred to as the 
^stiuction" has been found to be 
)solution above a rated power of 



^ ^ ^,ij«J-ts I One embodiment of this 

oeveral hundred rwat;xs . i wii<= 

■ o t-o Wri^igel the permanent magnets m the 
construction is to ^^ge\ t P 

vr^^r^rv^ Siemens Journal ^^^z j-^/-', 
pole gaps m the ^°^^\^_^^f_ . design 
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6, page 368 et s 
solution for this 
magnets, which 
and are desigi^ 
direction, radiall 
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'9, Wigure 3). One known design 
'e \is to arrange the permanent 
flaV rectangular cross section 
flat in the magnetization 
rJbpect to the rotor axis in 
3lot-li..e .paces in e-ach cLe between two yoHe. that 
are fixed on the rotor body W 0 582 721 Bl) . 

in another Known rotor, fittid with P-~\":f 
for an electrical machine, po^s which are welded to 

hollow 
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rotor shaft are shaped in such a manner that there is 
rotor shatt a ^ trapezoidal cross section 

an accommodation area with a trapezoi nkewise 
^wo ooles for permanent magnets which likewise 
between two poles, lo-t y of 

(US 4,242,610) . 

With regard to the handling of permanent magnets when 
constructing rotors of electrical ^^f^^^^J^^^Z 
furthermore known for the magnet bodies to -^^^^^^^ 
in the unmagnetized state and to be magnetized once 

^ r^r, 1-he rotor, for example using 
t-Y,^yr have been arranged on the rocoi , 

they nave . ^. „f the electrical machine 

the stator winding of tne 

(EP 0 195 741 Bl) . 

u-^v. «tore a large amount of energy, for 
such magnets which store a iarg fNeFeB) have 

example based on neodymium- iron-boron (NeFeB) , h 
example u ^y,^ use of permanent -magnet 

he^en developed recently, the use ot p 
been devei p electrical machines 

T-otors is now feasible even i-^ , 
rotors -LB example in 

with a rated power of more than 100 kW, v 
Ship propulsion systems with a rated power of 5 to 
30 W. Machines such as these have a ^ 
Lre than 25 cm up to about 300 cm. If the 
machines such as these are constructed using flux 

. .■r.r. this involves difficulties m the 
concentration, tnis mv^j. 

installation and securing of the magnets. 

..ainst the background of a P----;;/";^^^:^:: 
) having the features in the precharacterized clause of 
11 J. Claim 1, the invention is based on the ob3ect o 
designing the rotor construction such that the 
designing without exerting large 

permanent magnets can ce scoj. 

amounts of force. 

' in order to achieve this object, the invention provide. 
,:r each yo.e to be subdivided in the circumferential 
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direction into two half yokes, whioh each extend over 
half of one pole pitch, and that the two mutually 
adjacent half-yokes of two yokes arranged alongside one 
another are in each case connected by means of end 
5 points to form a pole element, and each pole ^ - 

fixed on its own on the rotor body. In this case, the 
pole elements can be designed such that either each of 
the two half -yokes is fitted with permanent magnets on 
its surface facing a slot-like intermediate space, or 
10 such that only one of the two half-yokes is ^ "^^ 

permanent .^gnets on the surface facing the other halt- 
yoke. If the permanent magnets are arranged on the 
corresponding surfaces of the half-yokes and of the 
pole elements on the rotor body, it is expedient for 
,S the magnets to be fitted to the half-yokes xn the 
unmagnetized state, and for the magnets to be 
magnetized once the two half -yokes ^'^^ ^^^^^ 



together to form a pole element, but before the pole 
elements are fitted onto the rotor body. 
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such a configuration of the poles and — 
between the magnets and the poles of the -"""^ 
both the pole elements, which comprise the h^""^"!^- 
and magnets, and the individual magnets to be handled 
25 without exerting any excessive force whrle being 
arranged - generally by bonding - on the corresponding 
::rLceB of the half-yokes. Xn the case of relatively 
long rotors, it is also recommended that the individual 
pole elements be subdivided into a number of partial 
30 pole elements in the axial direction of the rotor, in 
order to produce convenient units which are easy to 
magnetize . 

W,en the individual parts of a pole element are being 
35 joined together, it may be expedient to fill the spaces 
Which remain between the two half-yokes with a material 
which expands under the influence of impregnation 

resins . Furthermore , 
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the permanent magnets which are arranged •^^'--- ^'^^ 
Ial£-yokee can also be secured in the radial direction 
ly double wedges, which are supported on corresponding 
projections on the half -yokes. 

' The two half-yokes which form a pole element are in 
each case expediently connected by means of two 
Treferably amagnetic end plates, which are screwed and 
pinned to the two half -yokes and permanently f.x the 

,0 Lo half-yokes with respect to ^'^^ ^^"^^^^^^^^^Z^^:^ 
pole elements have been assembled, they can be provided 
^°th surface protection by subse^ent impregnation w.th 
: resin which, in particular, protects the corros on- 
sensitive permanent magnets permanently aga.nst 

15 damaging influences. 

once the pole has been magnetized, ^^^J ;'^^J\12\Z 
the tubular rotor body, and are screwed to ^^ /--^^^ 
inside or outside. The rotor body is in this case 

20 preferably amagnetic. 

The configuration of permanent-magnet rotors provided 
according to the invention can be applied both to 
rachlnes'with an internal rotor and to machines with an 
external rotor. External rotor machines may be_ in 
particular, generators in wind power systems, or drive 
motors for hoist systems. 

Three exemplary embodiments of rotors designed and 
30 produced according to the invention are illustrated, xn 
detail form, in Figures 1 to 5, in which: 

Figure 1 shows a first exemplary embodiment of the 
configuration of the poles and yokes. 

Figure 2 shows a front view of a pole element designed 
according to the invention. 
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Pigura 3 shows the subdivision of a pola element into 
a nurnber of partial pole elements, 

Figure 4 shows a second exemplary embodiment of the 
configuration of poles and yokes, and 

Figure 5 shows the configuration of poles and yokes 
arranged on an external rotor. 

-ir, fhe form of a detail, a cross- 
viaure 1 shows, in tne loriu wo- , • „ 

■ ^ rotor of an electrical machine, 

sectional region of a rotor or counted 
which comprises a rotor body 1, rotor yokes 2/3 mounted 
on the rotor hody 1, and permanent magnets B mounted on 
the rotor yokes. Each rotor yoke is m this case 
:"di "ded Lo two half -yokes 2, 3, with a slot like 
intermediate space 4 being provided between each two 
yokes. The permanent magnets 5 are ^^^^^^^^ J^^^'^^! 
circumferential direction and are arranged m the slot 
like intermediate spaces 4, with one permanent magnet 
S or one magnet layer comprising a large number of 
relatively small permanent magnets, in each -se being 
arranged on that surface of the respective half-yo.e 
^i.h faces the slot-like intermediate space 4. The 
which faces the normally bonded to 

permanent magnets 5 are m this c ^aanet 
the half -yoke 2 or 3 . Alternatively, the ^wo magnet 
layers can also be associated with only one of the two 
half -yokes . 

The space which remains between two half-yokes 3 and 2 
, Ind between the mutually adjacent permanent magnets 5 
3 and Deuweei ,,.i.v, = material 9 which can 

may be filled, if required, with a materi 
expand under the influence of impregnation resin 
P^rthermore, to provide radial fixing ^^^^ 
maanets 5 double wedges 8 can be arranged both between 
3 rhf rotor body 1 and the permanent -nets and bet 
the permanent magnets and the periphery of the rotor. 
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According to Figure 2, two hal£-yoka= 3, 
::soci Ja Wit. ai..erent vo.e. ar. ^^^^l^^^^^ 
to the permanent magnets 5 arrangea 
corresponding side surfaces, by means o£ end plates 6 
to form a pole element 7. A number of such pole 
etemlnts are' arranged independently of one another on 
the circumference of the rotor body 1, and are 
connected to the rotor body, for example by means of a 
screw joint. 

During the production of the pole elements 7, it is 
expedient firstly to arrange, for exa^le to bond^ the 
peLanent magnet (which has not yet been magnetrzed) on 
the corresponding side surface of the ^ 
TWO half-yokes 2, 3 are then assocrated ""^^ 
another, and are fixed with respect to one another by 
oi two end Plates 6. After this the PO e ^ -ent 
7 that has been produced in this way rs — ^ 
magnetization apparatus, and the permanent -^nets S 
are magnetized. The magnetized pole element 7 can then 
be arranged on the rotor body 1. 

in electrical machines having a relatively long rotor 
it is recommended that the respective pole element be 

^ „»rtial Dole elements 73 in the axial 

; subdivided into partial poie = , 
. is illustrated in Figure i. 

f^-irection of the rotor, as is xxxllo 

xn this case, a nunO^er of partial pole elements as 
illustrated in Figure 2 are then arranged axially one 
behind the other on the rotor body. 

Figure 4 shows a variant of Figure 1. In this case, the 
half-yokes 2' , 3' are assigned such that there is a 
cavity 71, which acts as a flux barrier, between them. 
Th? proportion of the magnetic flux produced in the 
Individual half -yokes by the stator winding can then be 
influenced via this cavity. 
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The rotor illustrated in Figure 5 is an external rotor 
with an externally arranged supporting body 11. The 
arrangement of half-yokes 2" and 3" and the 
configuration of the permanent magnets 5 corresponds m 
principle to the exemplary embodiments shown in Figures 
1 and 4. in this case, in contrast to Figure 4, a V- 
shaped, flux-free area 72 is provided between each two 
half -yokes. 



